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I. Introduction
This paper is an empirical investigation on the relation between international trade, internet use and economic growth. Recent literature shows a positive and causal relation between internet use and international trade whereas other papers demonstrate a positive relation between internet use and economic growth. There is also a lively debate on the relation between international trade and economic growth and the mainstream finding in this debate concludes that trade positively impacts economic growth but particular results depend on econometric techniques, country sample, and time period. The main question addressed in this paper is whether internet use has a direct impact on economic growth or whether internet use impacts economic growth more indirectly through trade. Secondly the literature finds that internet use impacts international trade more in non-high income countries than in high income countries and we investigate this by employing the final empirical model as applied to the total sample of countries to high and on-high income countries separately.
The starting point is the literature on economic growth as pioneered by (Solow, 1956) and employed in empirical work by e.g. (Barro, 1991; Barro, 2003) , (Quah, 1993; Quah, 1997) , (Islam, 1995) , (Bosworth and Collins, 2003) and many others. The next section elaborates on this by portraying a standard basic growth equation relating economic growth (as measured by the growth rate of per capita GDP) to per capita internet use and several control variables and allowing for long run growth rates to be country specific by including individual country intercepts. After a brief discussion of the data the first empirical analysis supports the initial view that economic growth is positively related to internet use as found by for instance (Choi and Hoon Yi, 2009) . A more detailed analysis however shows that this conclusion has to be relaxed and that internet use does not seem to impact economic growth in a direct way. If standard control variables such as investment, government expenditure, rate of inflation and openness are included and also if time dummies are included to capture longitudinal variation, internet use does not seem to have a positive contribution to economic growth. Leaving out internet use re-establishes the traditional growth equation whereby, amongst others, openness as a measure of international connectedness of countries has a positive and significant impact on economic growth.
( Clarke and Wallsten, 2006) , (Freund and Weinhold, 2004) and (Vemuri and Siddiqi, 2009 ) all study the impact of internet use on international trade and they all find a 3 positive relation between internet use and trade, although not as strong for all regions.
In the tradition of empirical trade models a gravity approach is employed using bilateral trade data. 1 So the natural question emerges whether internet use impacts economic growth or international trade and whether international trade impacts economic growth or internet use. Section 4 discusses a Granger causality analysis on this issue by using a VAR analysis on economic growth, international trade and internet use showing that internet use is Granger causing trade whereas per capita GDP does not and that the relation of internet use causing international trade is stronger than the other way around. This is somewhat relaxed by a similar analysis if time dummies are included but also here internet use is impacting trade more significantly than the other way around and international trade impacts economic growth more significantly than internet use. significantly related to economic growth and internet use indeed appears to be positively and significantly related to openness. This leads to the suggestion that internet use is not impacting economic growth in a direct way but though international trade. (Clarke and Wallsten, 2006) and (Clarke, 2008) study the impact of internet use on international trade in developed and in developing countries and conclude that this effect is much more emphasized in developing countries than in developed countries.
The second part of section 6 resembles their analysis by employing the simultaneous equation approach and finds that the impact of international trade on economic growth
is not different at all between low and high income countries. However, that seems not 4 to be the case for the impact of internet use on international trade where we indeed find significant differences between high income and non-high income countries.
II. Economic Growth and internet use
The internet can be regarded as a truly general purpose technology and impacts society at various levels and in a vast range of activities ( (Harris, 1998) ). 2 Firms are able to communicate better, faster and at lower costs, reducing internal as well as external transaction costs and thus lowering production costs and enhancing productivity and generating economic growth. The internet facilitates the generation and spread of knowledge and new ideas tremendously which allows for an increased productivity of the research process and an increased diffusion of its products and outcomes. The internet also affects markets such as the labour market ((T. Ziesemer, 2002) , (Stevenson, 2008) ) and the product market ( (Levin, 2011) ) by reducing search costs and facilitating access to information. Conversely internet also impacts society in a less positive way as for instance online crime is spreading rapidly ((Moore et al., 2009) ).
Models on endogenous growth theory focus on the importance of increasing returns, R&D activities, human capital, the generation and spread of new ideas, and the diffusion of new technologies in general on economic growth. ( (Lucas, 1988; Romer, 1990; Aghion and Howitt, 1992) ). In this context new communication technologies like the internet not only may reduce marginal costs of production processes but also may enhance the creation and spread of new ideas. This implies that the nature of the R&D process itself and the spread of the resulting knowledge has been changed by the use of new communication technologies like the internet ( (Röller and Waverman, 2001; Czernich et al., 2011) ). This suggests that the use of the internet not only induces temporary growth towards a higher level of the steady state, it also introduces the likelihood of permanent higher growth rates as the R&D process itself is affected. From that perspective it is highly relevant to test whether indeed internet use has an impact on the rate of economic growth. For this purpose we will include internet use in empirical growth models as to investigate its importance for economic growth.
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Closely related to studying impacts of internet use on economic growth are studies on the impact of the broader concept of information and communication technologies (ICTs) on economic growth. In the latter domain many studies have indeed shown that
ICTs have a positive impact on economic growth, on labour productivity growth and on total factor productivity growth ( (Jorgenson et al., 2008; Ark et al., 2008; Oliner et al., 2008) ). These studies are centred on growth accounting methodologies or on estimating extended production functions which all rely on stocks for ICT and non-ICT capital. In studying the impact of internet on economic growth this approach is less obvious since there are no measures of the stock of internet capital and, more important, internet as a general purpose technology is highly interconnected with many other activities such that a separation becomes less obvious but also less meaningful. The focus of this paper is on the impact of internet use and our approach is closely related to approaches in empirical endogenous growth models.
The economic growth model employed here stems from (Barro, 1991) who shows that the basic neoclassical model as proposed by e.g. (Solow, 1956 ) and (Koopmans, 1963) should be relaxed by introducing conditional convergence entailing that the growth rate of a country depends on its initial deviation of per capita GDP from its own steady state level and thus implying that poor countries will not grow faster per se but that the growth rate depends on the distance between the initial situation and its (individual) steady state level of per capita GDP. As new technologies are not readily available in all countries or cannot be employed to their full extent differences in technological adoption and in the knowledge base may also lead to different growth rates, even if there exist diminishing marginal returns from single factors of production like capital.
So whereas the Solow model explains absolute convergence -all countries grow to a single steady state- (Barro, 1991) and (Barro and Sala-I-Martin, 1991) (Barro, 1991) , (Barro, 2003) , (Quah, 1993) , and (Bosworth and Collins, 2003) ).
The basic model employed here is in line with (Barro, 1991) and (Barro, 2003) postulating a generalized growth equation as: to the home market relative more substantial in small countries than in large countries with a larger home market. Higher levels of human capital are associated with more efficient production processes -higher steady state levels of per capita GDP-and the ability to adopt and use more advanced technologies and thus to have a positive impact on catching up. Enrolment rates into education have been studied in empirical growth models by e.g. (Krueger and Lindahl, 2001 ) and, albeit in a different setting by (Ranis et al., 2000) , and show to have a positive and significant impact on economic growth. The inflation rate is added as a measure of macroeconomic stability and thus is expected to have a negative sign on per capita economic growth.
In order to determine the impact of internet use on economic growth next section implements equation (1) empirically using per capita internet use as additional variable.
In most empirical implementations of growth equations fairly long time series are employed and in many cases averaged data are used to cancel out temporary effects and business cycles. Typical is to use averaged data over periods of five years and covering a time period from 1960 (or earlier) onwards. In order to analyse the impact of internet use on economic growth it is not straightforward to apply this strategy since data on internet use are for most countries only available from 1995 and onwards resulting in one or two data points for most countries if we would use five yearly averaged data.
Using lags as instruments or including growth rates is nearly impossible in such case and this paper therefore employs yearly data covering a time period from 1990
onwards. This incorporates a risk that also cyclical effects enter the analysis but by using time dummies we try to cancel out influences of cycles at a global level. In a related analysis (Choi and Hoon Yi, 2009) use an empirical growth model in which they employ per capita internet use, investment as ratio to GDP, government expenditure as ratio to GDP and the level of inflation as explanatory variables. Using the same dataset as we do but covering a time span from 1991 to 2000 they find a highly 6 A regression of the first differences of the growth rate of per capita internet users on the log of per capita GDP indeed shows a positive and significant slope in 1994, 1995, 1996, 1997, 1998 and in Table 2 , model (a) resembles their OLS results but now using the extended time span and adding lagged per capita GDP, openness and schooling enrolment as additional variables. 8 The investment ratio has a positive and significant impact on economic growth and both inflation and government expenditure ratio are significant and have a negative impact, all as expected. Lagged per capita GDP is significant and negative suggesting that countries with lower initial per capita GDP grow faster such that on average there is convergence. Secondary school enrolment rates and openness to international trade are also positive and significant. 9 Per capita internet use is significant and positive as also reported by (Choi and Hoon Yi, 2009 ). So from model (a) in Table 2 one would learn that internet use has a significant and positive contribution to economic growth additional to the impact of other variables that are Table 2 ). A Wald test on joint significance of time dummies clearly rejects the null that the coefficients are jointly equal to zero (last row in Table 2 ). From Table 1 the within standard deviation of per capita internet use is slightly higher than the between standard deviation although the difference between these standard deviations is not very substantial implying that the longitudinal variation is comparable in size with the cross-section variation.
III. Data and first estimation results

Data
Compared to internet use the figures on inflation show a more considerable difference where the within standard deviation is much larger than the between standard deviation. Nonetheless this difference the coefficient on inflation remains stable when introducing time dummies whereas the coefficient of internet use becomes highly insignificant when comparing models (a) and (b).
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The panel structure of the dataset allows for random and fixed effects estimation and the Sargan-Hansen test as well as the Hausman test show that the fixed effects model has to be preferred. In models (c) to (e) the random effects variant of the panel model is firmly rejected indicating that the disturbance terms are correlated with country effects.
10 Model (c) is comparable to (Choi and Hoon Yi, 2009) Extending the analysis by allowing for two-year lagged per capita GDP to capture higher order dynamic effects does not change these conclusions as reported by model (e). The long-run coefficient of lagged per capita GDP remains negative, significant, and of the same order of magnitude. Also all other independent variables remain significant and of the same order of magnitude. Per capita internet use remains insignificant suggesting 10 The robust test on overidentifying restrictions as proposed by (Wooldridge, 2002) p 190-191 is displayed as Sargan-Hansen Chi-squared statistics including the corresponding p-value and shows that fixed effects are never redundant and is to be preferred over the random effects model. In all cases the standard Hausman tests on non-robust estimates of the equivalent models maintain the same conclusions (not shown in tables).
11 Autocorrelation is computed using the test for serial correlation in panel data as described by (Wooldridge, 2002) and (Drukker, 2003) .
13 that indeed internet use is not contributing to economic growth in this extended but still simple model. Note that the autocorrelation remains in model (e), however. 12
The above suggests that using a fixed effects model and including standard control variables as found in the empirical growth literature there is no significant impact of internet use on economic growth. Also when including time dummies more to control for longitudinal variation the positive impact of internet use on economic growth as found by (Choi and Hoon Yi, 2009 ) -and as replicated as model (a) in Table 2 vanishes. 13 Since the model basically includes a lagged dependent variable and thus is subject to the Nickell bias (see (Nickell, 1981) ) and suffers from some autocorrelation even in the case where one and two year lagged dependent variables are used, the model is re-estimated by using GMM techniques. Model (f) in Table 2 shows the results of system GMM estimations using two and three year lagged variables as GMM instruments ((Blundell and Bond, 1998) ). The system GMM approach estimates the equation in levels as well as in first differences simultaneously and accounts, amongst others, for first order serial correlation. See (Bond et al., 2001 ) for a system GMM approach on growth models including a discussion of its properties. Main concerns in GMM estimation are related to validity of instruments and to over-identification of the model. The choice of instruments is determined analogous to (Roodman, 2009a) and (Roodman, 2009b) by keeping the number of instruments below the number of countries, by not rejecting the validity of instruments but not too strong (Hansen J-statistic roughly between 5% and 25%), and by assuring validity of GMM instruments in the level equations and of IV instruments. The latter refers to the time dummies only. The resulting coefficients of one and two year lagged per capita GDP and the combined long-run coefficient -so adding up the short run effects-is in model (f) between the required upper and lower bounds as resulted from the OLS and FE estimates, respectively. This reassures the validity of using the system GMM technique and the number of instruments employed. Internet use remains insignificant in model (f) and seems to confirm the belief that internet use is not directly impacting economic growth in a fully specified growth model. Compared to the fixed effects estimations in models (c) to (e) lagged per capita GDP is strongly reduced and closer to the OLS results as reported in models (a) and (b). All other coefficients are significant and are of the same order of magnitude. The impact of openness to international trade is in the GMM model closer to the fixed effects results in model (e) than to the OLS results in models (a) and (b).
These findings imply that per capita internet use does not have a positive impact on economic growth. This strongly contrasts the findings of (Choi and Hoon Yi, 2009 ) who report a positive and significant impact of internet use on economic growth. Using an extended version of their model by including standard explanatory variables as found in the empirical growth literature (e.g. (Barro, 1991) and (Barro, 2003) ) internet use disappears as a significant factor. The model is consistent with the findings in the literature that the growth rate of per capita GDP depends negatively on lagged per capita GDP, negatively on both government expenditure and inflation and positively on the investment ratio, on openness and on education. From this we can conclude that internet use does not impact economic growth, at least not in a direct way.
From the above we can conclude that international trade, here measured by the openness ratio, has a positive impact on economic growth. (Clarke and Wallsten, 2006) , (Freund and Weinhold, 2004) and (Vemuri and Siddiqi, 2009) 
IV. Granger causality on openness, internet use and growth
The above analysis suggests that international trade (openness) has a positive impact on economic growth and that the impact of internet use on economic growth disappears in one way and in two way fixed effects models whereas openness remains significant in all To determine the number of lags in equation (2) the following procedure is adopted (cf. (Greene, 2002) , pp. 589). The model is estimated several times using different lag lengths for the lagged dependent variable and for each explanatory variable. The model that minimized the Akaike information criterion (AIC) is selected as the best performing model. 15 Some experiments showed that using lags between 1 and 4 years where sufficient to determine the optimal lag structure as the AIC increased rapidly in the case of lag lengths of 3 and 4 years. The model is thus estimated 12 times -all possible combinations of lag lengths up to 4 years for each of the 3 variables-and the left upper panel in Table 3 reports the F-statistics and the p-values along with the number of lags of the three equations in a fixed effects model without time dummies.
[Insert Table 3 about here]
In all cases the lagged dependent variable is highly significant different from zero. The left upper panel also suggests that per capita internet use is Granger causing openness ratio (first row) and that the reverse has to be rejected (second row). Per capita GDP is causing per capita internet use (second row) and also here the reverse has to be rejected (third row). Finally openness ratio causes per capita GDP (third row) and per capita GDP is not causing openness ratio. The upper left panel therefore clearly indicates the 14 Initially also country specific slope coefficients were allowed along the lines pointed out by (Hoffmann et al., 2005) . The results firmly reject openness Granger causing internet use and cannot reject internet use Granger causing trade at the 1% level. Since country specific slope coefficients are not employed below, this finding is left for further research.
directions of causality where internet use is causing openness, openness is causing per capita GDP, and per capita GDP is causing internet use. Including time dummies -which are jointly significant at 1%-level in all cases-as to capture longitudinal variation changed the analysis in the previous section dramatically. The lower left panel reports the Granger causality test when time dummies are included. In a first step also here the most optimal lag lengths is determined using the AIC criterion and also here the BIC pointed to the same optimal structure. The resulting optimal lag length per independent variable is identical to the model without time dummies. The results change somewhat as internet use is not highly significant in explaining openness (p-value of 8.6%) but the reverse that openness is explaining internet use is even far less significant. So if there is a relation between per capita internet use and openness ratio then internet use is more likely causing openness than the other way around. The third row in the lower left panel of Table 3 suggests that all variables are impacting per capita GDP disallowing to attain causality conclusions. So the inclusion of time dummies changes the significance of the causality relations somewhat and thus weakening the main conclusions, but certainly not reversing them such that overall conclusion that internet use is causing openness and that openness is causing economic growth persists.
As the three equations used in this analysis might not be independent from each other in the sense that the error terms might be correlated, the same analysis is redone using
Zellner's seemingly unrelated regression technique (SUR). The right panels in Table 3 report the same analysis but now based on a SUR estimate. Also here in a first step the optimal lag structure is determined by estimating the model using lags between one and three years in all possible variants and selecting the optimal lag structure by minimizing the AIC. 16 The model without time dummies as reported in the upper right panel of Table 3 shows much lower variation for all coefficients. The same causal relation is found as indicated by the upper left panel of Table 3 but at much lower thresholds of pvalues. To some extent this holds also true if time dummies are included and the lower right panel in Table 3 resembles the results as found before and indicates that internet use is more likely to cause openness than the other way around. 17
16 Also here minimizing BIC leads to the same optimal lag structure.
Summarizing the standard Granger causality analysis the above indicates that internet use is causing international openness and that both openness and internet use cause per Capita GDP. In the latter relationship the coefficient on openness appears to have a higher level of significance than the coefficient on internet use. Combined with the previous conclusion that in a fully specified growth equation current internet use is not significantly impacting economic growth whereas openness to international trade does, the general view emerges that internet might impacting growth through international trade and that it does not have a direct impact on economic growth. To investigate this further next section reports on the relation between internet use and international trade.
V. Internet use and international trade
The results presented so far suggest that internet use is not directly impacting economic From a theoretical perspective (Fink et al., 2005) , (Harris, 1998) The impact of ICT in general and that of internet use in particular on international trade has been studied empirically by e.g. (Freund and Weinhold, 2004) , (Clarke and Wallsten, 2006) , (Clarke, 2008) , and (Vemuri and Siddiqi, 2009) . Employing bilateral trade data in most cases international trade is explained by internet use and many control variables, most based on gravity models including distance between countries, both country's GDP, and extended with income per capita and sometimes other measures like institutional quality, trade barriers and dummies for oil exporting countries. Distance is found to be negatively related to bilateral trade whereas the economic masses have a positive impact (e.g. (Freund and Weinhold, 2004) The Hausman-Taylor model ( (Hausman and Taylor, 1981) ) and the approach based on (Mundlak, 1978) , both being actually developed to overcome endogeneity problems due to unobserved individual effects. [Insert Table 4 about here]
In all four cases the impact of internet use on openness is positive and significant as reported in Table 4 . Especially the coefficient of the within difference of internet use in the random effects model (model (b)) is consistent in both size and precision with the Hausman-Taylor (c) and GMM estimate (d). The coefficient on group averages seems high as is the standard error. From Table 1 we have learned that the within variation of per capita internet use is larger than the between variation suggesting that indeed
Hausman-Taylor and GMM estimates are more influenced by within differences of internet use than by between country differences. The impact of per capita GDP on openness is less strong having only a significant coefficient in the OLS and GMM estimates where the GMM coefficient is more close to the group average estimate than to the within difference coefficient. Contrary to per capita internet use the between variation in per capita GDP is much larger than the within variation (cf. Table 1 ) and the results suggest that the estimate on the impact of per capita GDP on openness ratio is more driven by between differences than by within differences. In summary the results clearly suggest that both per capita internet use and per capita GDP are positively related to openness. Finally, larger countries both in area as in population size trade less than smaller countries but this is (partly) offset by the positive squared term of area leading to an U-shaped relation between trade and area. 20 The results obtained by employing the system GMM estimator confirms the other results after using sufficient but not too many lags as instruments as to keep various statistics within their boundaries as before. Following (Clarke and Wallsten, 2006) , (Clarke, 2008) , and (Czernich et al., 2011) 
VI. Simultaneous Equation Model
The analysis so far suggests that openness is positive and significant in explaining economic growth and that internet use explains openness to international trade. Both findings call for a simultaneous equation model by combining both relations as to take possible correlation between the residuals into account. Various approaches can be followed and we explored a seemingly unrelated regression (SUR), a two stage least squares (2SLS) and a three stage least squares (3SLS) approach where the models may contain a level equation only or a combined level and first difference equation mimicking the system GMM estimation as presented above though being based on a 20 Simulation using the obtained coefficients on area and using actual area size distribution indeed shows a U-shaped relation where the effect is larger for very small as well as for very large countries.
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3SLS variance-covariance estimate and leaving aside the dynamic instruments which are typical for GMM techniques. 21 The SUR takes only the correlation between the error terms of both equations into account and models with and without time and country dummies are explored. In all SUR estimates both dummies appeared to be each jointly significant in the growth equation and not significant in the trade equation. The SUR results are highly comparable with the results presented as model (c) in Table 2 and model (a) in Table 4 and are not displayed. Here we focus on the 3SLS results combining the model specification of the economic growth equation from Table 2 with the model specification of the trade equation from Table 4 [Insert Table 5 about here] Models (a) and (c) in Table 5 display the results for the full sample of countries and the models are comparable to the models presented in tables 2 and 4 above. The coefficient of the lagged per capita of GDP is similar to the fixed effects results as reported in Table   2 , model (d) but stronger negative as compared to Table 2 , model (e), implying that the convergence effect is stronger. 22 The coefficients on the investment ratio, inflation and openness are also slightly stronger compared to earlier results. Partly this can be explained by the stronger negative estimate of lagged per capita GDP since that leads to smaller long-run effects of other independent variables, ceteris paribus. To compensate for this effect, the coefficients of the remaining variables have to be more sizeable. The results of the trade equation in model (a) are more comparable to the previous results.
The effect of the group averages of per capita internet use on the openness ratio is now slightly reduced but still significantly different from zero and the impact of the group average of per capita GDP is reduced and has become insignificant. The impact of the within difference of internet use on openness is comparable to the random effects results in Table 4 Table 4 whereas the impact of per capita GDP has become insignificant. The coefficients of the non-transformed data are in between the coefficients of the transformed data as expected and here the coefficient of internet use is stronger compared to Table 4 . Note that the time dummies are jointly insignificant in the trade equation in Table 5 and are excluded whereas they are included (and jointly significant) in models (c) and (d) in Table 4 . This might affect the impact of internet use on trade and a brief analysis shows that it actually does. If time dummies are included in the trade equation the coefficient of the group average of per capita internet use is not affected nor its precision. However, the coefficient on the within difference is reduced from 0.125 to 0.088 whereas the standard error remains (about) the same such that the p value is increased above 10%.
In the non- The results of the combined growth and openness equations in a 3SLS framework confirm the suggestion that internet use is positively impacting openness and that openness is positively impacting economic growth. By splitting per capita GDP and per capita internet use into group averages and deviations from these group averages it is possible to estimate group specific effects combined with area and area squared as time invariant variables in a 3SLS framework. Coefficients related to group averages of per capita internet use seem stronger than coefficients on the within group differences. This might suggest that the specification ignores some dynamic effects but also leaves the possibility that global increases in international trade and increases in internet use coincide and that the correlations are partly spurious. The significance of the within difference of internet use on openness however suggests that there is a causal relation between internet use and international trade. These findings are consistent with the findings of (Freund and Weinhold, 2004 ) and of (Clarke and Wallsten, 2006) and also here we employ a 3SLS approach as to capture possible endogeneity issues and correlation between the error terms of both equations.
From these results we can conclude that the growth model and the trade model are interrelated and that and the simultaneous equation approach seems to amplify the coefficients related to the growth equation and also increases the impact of internet use on trade. The direct impact of internet use on economic growth is highly insignificant and not reported in the tables. 24 To illustrate the impact of internet use on trade and consequently on economic growth we employ the results obtained from model (c). If internet use is increased by 10 percentage points, the openness ratio will, according to this model, increase by 3.9 percentage points which again leads to an increase of per capita GDP growth by 0.17 percentage points. This is the same as measured by the direct effect of internet use on economic growth in Table 2 , model (a) and as found by (Choi and Hoon Yi, 2009 ) but the above analysis shows that the impact of internet use on economic growth is not a direct one but runs through international trade.
Difference between high and nonhigh income countries (Clarke and Wallsten, 2006) and (Clarke, 2008) investigate the impact of internet on trade in developed and developing countries and conclude that internet improves export performance in developing countries but not in developed countries. (Clarke and Wallsten, 2006) argue that this finding is intuitive first because internet access and internet use is very common among enterprises in high-income countries and that differences in internet use is more related to the consumers behaviour than to enterprises, and second that internet access is less common in developing countries and being connected to the internet gives enterprises in developing countries a greater (relative) advantage. To further investigate the differences between developed and developing countries in the relation to internet use, trade and economic growth we have split the sample in high income and non-high income countries and have re-estimated the model as presented above. 25 Models (b) and (d) in Table 5 show the results of that analysis where, as before, a 3SLS approach is used employing both level equations and first differences. The models can be estimated for the two subsets of countries but also in one model by pre-multiplying all independent variables by dummies for the group of high income and non-high income countries. Both results are statistically the same and here we report the dummy approach as to determine the significance of the difference in coefficients between the income groups.
Focusing first on the growth equation in the top panel of Table 5 the results of model (b) are highly comparable model (d) and for most coefficients there is no significant difference between high income and non-high income countries as reported by the pvalues of the null hypothesis that both coefficients are equal. The only exception is the impact of the government expenditure ratio on per capita GDP growth which is stronger 26 in high income countries. (Barro, 2003) distinguishes high income and non-high countries in his analysis on the determinants of economic growth using a 3SLS approach but using decennial data covering the period 1965 to 1995. He finds that the for nonhigh income countries the convergence effect is less strong, that the impact of investment is less strong and that the impact of inflation is less strong. Stronger effects for non-high income countries are government expenditure ratio, openness ratio and school enrolment. Except for the government expenditure ratio where we find a less strong effect for non-high income countries we find similar differences. Barro finds that only the coefficient on the inverse of life expectancy is significantly different between non-high income and high income countries, a variable that is not included in our analysis since life expectancy did not turn out to be significant in our overall analysis.
The significant difference for government expenditure was not found by Barro.
In the trade equation the results differ more between high income and non-high countries and most tests using the null that both coefficients are equal are rejected at a 5% level. The left panel at the bottom of Table 5 shows that the coefficient on the group average of internet use is much higher for non-high income countries than for high income countries and that the difference is highly significant. This seems to be comparable to the findings of (Clarke and Wallsten, 2006) who use the number of internet hosts per 100 inhabitants as explanatory variable and exports as share of GDP as dependent variable in a 2SLS analysis but who also find that the coefficient on internet hosts is insignificant for high income countries and positive and strongly significant for non-high income countries. Considering the analysis on non-transformed data in the right panel at the bottom of Table 5 this conclusion becomes more subtle.
Internet use is positive and significant for both income groups but larger for non-high income countries and the difference between high income and non-high countries is still significant at a 5% level. The effect of per capita GDP on openness is positive and significant for high income countries in our analysis whereas it is not significant in the non-transformed analysis and even negative and significant for the group average estimate for non-high income countries. A positive coefficient of per capita GDP on the openness ratio suggests that higher per capita income will lead to more trade. The negative coefficient for the group average for non-high income countries suggests that this is not true for these countries on average. However, since the coefficient of the within difference of per capita GDP for non-high income countries is positive and significant the perception emerges that in comparing countries in the group of non-high income countries a higher income decreases trade whereas within these countries the longitudinal effect indicates that higher per capita GDP increases trade. The results for the non-transformed data in the right panel at the bottom of Table 5 show that the effect of per capita GDP on trade is insignificant for non-high income countries. Finally the coefficients of high income and non-high income countries concerning the impact of area, area squared and population size are highly comparable between the left and right panels. Remarkable are the differences between the income groups and the impact of area and of population size on openness ratio much more pronounced in high income countries. The physical size of countries seems to be much more important for trade in high income countries than in non-high income countries. This suggests that market size is much more important for smaller high income countries than it is for smaller nonhigh income countries which can be related to the importance of specialisation in high income countries. (Clarke and Wallsten, 2006) find similar results on area whereas their coefficient on population size is not significant.
Comparing the (first round) measured impact of internet use on economic growth through trade for high and non-high income countries we find that a 10%-point increase in internet use leads to 3.12%-point increase in openness ration in high income countries and a 5.3%-point increase in non-high income countries. Translated into economic growth this leads to an increase of 0.15%-point in high income countries and 0.27%-point increase in non-high income countries. The impact of an increase of internet use on economic growth through international trade is thus much more emphasized in non-high income countries than it is in high income countries. As suggested by (Clarke and Wallsten, 2006) this might be caused by relative high internet penetration in high income countries where most firms will use the internet somehow or other such that the impact of even further growth is limited whereas higher internet penetration rates gives competitive advantage for non-high income countries.
VII. Conclusions
This paper challenges the findings that internet use has a direct and positive impact on Finally both findings are combined by employing a 3SLS simultaneous equation approach which confirms these findings.
Based on the entire sample a 10 percentage points increase of per capita internet is estimated to lead to a 3.9 percentage points increase of the openness ration which in turn will lead to a 0.17 percentage points increase of economic growth. We also distinguish between low and high income countries and find no differences in the economic growth equation for these two groups of countries. The differences between low and high income countries is substantial in the trade equation where the impact of internet use for non-high income countries is much higher than it is for high income Notes: N denotes the total number of observation, n the number of groups, T-bar the average length of time series if some years for some countries are missing, and T the number of years if all data are available. The overall statistics are based on N country-years observations ( ). The between statistics are computed on the country averages ( ) and are based on n observations. The within statistics are computed on the deviations of the actual data from the country averages but corrected for global average ( ) and are based on N observations. (In some cases there were minor variations in the area statistics per country and these are removed as to allow for Hausman-Taylor estimates).
Brief description of the data: Data on the number of internet users come from the International Telecommunication Union (ITU) and is defined as: "The estimated number of internet users out of total population. This includes those using the internet from any device (including mobile phones) in the last 12 months. A growing number of countries are measuring this through household surveys. In countries where household surveys are available, this estimate should correspond to the estimated number derived from the percentage of internet users collected. (If the survey covers percentage of the population for a certain age group (e.g., 15-74 years old, the estimated number of internet users should be derived using this percentage, and note indicating the scope and coverage of the survey should be provided). In situations where surveys are not available, an estimate can be derived based on the number of internet subscriptions." (source: ITU). Gross secondary school enrolment is the ratio of secondary school enrolment of males, regardless of age, to the male population of the age group that officially corresponds to the secondary level of education.
List of countries included 26
Low income countries (33) Notes: First line denotes F-statistic and the number of lags is in brackets. Second line denotes p value of H0: all coefficients of that particular variable are equal to zero. P-values between 1% and 5% in bold, above 5% in bolditalic. The left panels display estimation results employing panel fixed effects using robust standard errors (employing the Huber/White/sandwich estimator for estimating the variance-covariance matrix). The number of lags is determined in a first stage using lags between 1 to 4 years for each variable separately and choosing the best performing lag structure that minimizes the Akaike Information Criterion (AIC) (Minimizing BIC gives same models in all cases). The model is estimated with (top panels) and without (bottom panels) time dummies. Time dummies are jointly significant at the 1%-level in all cases. The right panels show results using Zellner's seemingly unrelated regression (SUR) including country dummies. For the SUR estimates the number of lags is determined in a first stage by minimum Akaike Information Criterion (AIC) using 1 to 3 lags for each variable (Minimizing BIC gives same results). A Breusch-Pagan test of independence of the three equations cannot reject the H0 that the equations are independent (p-values of 0.000 and 0.008 for the right top and right bottom panel, respectively). (b) is estimated with robust standard errors and uses group average and within differences for per capita GDP and for per capita internet use. In Hausman-Taylor model (c) log per capita GDP per capita and per capita internet use are treated as endogenous variables, area and area squared are time invariant variables. System GMM estimation uses a two-step difference GMM using a robust estimation of the covariance matrix such that the resulting standard-error estimates are consistent in the presence of any pattern of autocorrelation and heteroskedasticity ( (Windmeijer, 2005) ). GMM type instruments are used for log GDP per capita and internet users per capita all variables using 2 lags. The current and lagged values of the number of telephone lines per capita and the number of mobile phone users per capita are used as two different instruments for internet use. (Note that no lag dependent variable is used). Hansen J-test shows the robust test of overidentification. Standard errors are displayed in parentheses and significance levels are given as ***, ** and * for p-values below 0.01, 0.05 and 0.1, respectively. 
Notes: Standard errors are displayed in parentheses and significance levels are given as ***, ** and * for p-values below 0.01, 0.05 and 0.1, respectively. All models are estimated using three-stage least squares (3SLS) and employ level equations as well as first differences of the same models, so estimating 4 equations simultaneously and constraining the coefficients of the level equations to be equal to the coefficients of accompanying first difference equations. The growth equations include time dummies as well as country dummies which are both each jointly significantly different from zero in all six models using a Wald test. Time dummies in the openness equations where jointly insignificantly different from zero in all cases and are not included. In a first stage internet use was also included in the growth equation but did not lead to significant estimates. The models for high and non-high income countries include time dummies for each income group and are estimated simultaneously by pre-multiplying all right hand side variables with dummies for high and non-high income countries. Instruments are two years lagged log of per capita GDP; lagged investment ratio; lagged government expenditure ratio; lagged openness ratio; lagged inflation rate; two years lagged first difference of log of per capita GDP, lagged first difference of investment ratio; lagged first difference of internet use per capita. Models (a) and (b) also use lagged within difference of log of per capita GDP, and lagged within difference of internet use per capita as additional instruments and models (c) and (d) use lagged internet use and the lagged first difference of internet use as additional instruments. Since level and first difference equations are both estimated the dependent
